Abstract-Study of specimens of Merodon Meigen collected in southwestern Europe resulted in new data and taxonomic changes for this genus. The cryptic species Merodon confusus sp. nov. (Merodon equestris species group) is described based on specimens collected in Cabañ eros National Park, central Spain. Morphological and molecular diagnostic characters are provided to separate members of the species group. Merodon aeneus fulvus Gil Collado is proposed as a junior synonym of Merodon pumilus Macquart. The first Iberian record of Merodon rufus Meigen is reported and updates of the revision of Iberian Merodon are provided.
Introduction
Merodon Meigen (Diptera: Syrphidae) is the second largest hoverfly genus in Europe (Speight 2010) , and the most species-rich genus in the European Mediterranean region. It is distributed throughout the Palaearctic and Ethiopic regions with highest species diversity in Eastern Europe and Asia Minor (A. Vujić, S. Radenković, and J. Acanski, unpublished data). Adults mimic bees and bumble bees (Hymenoptera: Apidae) and feed on pollen and nectar from early spring to autumn (Hurkmans 1993; Speight 2010) .
Larvae are phytophagous, tunnelling inside bulbs or rhizomes of monocotyledonous plants (Hurkmans 1993; .
Merodon equestris (F.), the ''large narcissus fly'', is well-known because of damage that larvae cause to daffodil (Narcissus L. (Liliaceae) and other ornamental bulbs in Europe and elsewhere (Conijn 1990; Barkemeyer 1994; Speight 2010) . Adult M. equestris show high morphological variability expressed as several distinctive colour morphs. Other species of Merodon also show intraspecific morphological variability, for example, in characters such as the anterior lobe of the surstylus in male genitalia (Popov 2000) .
A revision of Iberian species of Merodon (Marcos-García et al. 2007) described intraspecific variability in nine species in different species groups. Morphological variability may hide cryptic species, as has been demonstrated using DNA sequences of the mitochondrial cytochrome c oxidase subunit I (COI) gene (Stå hls et al. 2009; Radenković et al. 2011) . Some Iberian specimens of M. equestris cannot be identified readily using external morphological characters in the keys and descriptions presented by Marcos-García et al. (2007) , suggesting the existence of a species complex within M. equestris.
Molecular data are useful for solving species level taxonomic problems. Through allozyme electrophoresis and mitochondrial DNA sequencing of COI, six diagnosable cryptic taxa have been identified within the Merodon aureus F. and Merodon cinereus (F.) species complexes (Milankov et al. 2008) . Moreover, an integrative taxonomic approach using morphological and molecular characters was informative for discerning Merodon species groups and detecting cryptic species in the Iberian Peninsula (Mengual et al. 2006) . Also, COI barcodes generated for 22 species of Merodon species from Lesvos Island (Greece) revealed two cases of morphologically cryptic species (Stå hls et al. 2009; Radenković et al. 2011 ). An integrative taxonomy approach has also revealed the existence of new species of Merodon species in southeastern Europe (A. Vujić, S. Radenković, G. Ståhls, and J. Acanski, unpublished data) .
To analyse the status of morphologically atypical specimens of M. equestris, we used an integrated approach based on both morphology and genetics. Our work has resulted in new data on the Iberian Merodon fauna and has allowed various refinements to the revision of Iberian species of Merodon in MarcosGarcía et al. (2007) .
Material and methods

Material examined
We examined specimens of Merodon collected in Finland, France, Italy, Portugal, and Spain (Fig. 1) . Specimens determined to be Merodon confusus sp. nov. were collected at various French, Portuguese, and Spanish localities by hand net, Malaise traps, and occasionally yellow pan traps. Specimen label dates indicate capture technique: hand netting is indicated by a single date (e.g., 16.iv.2004) with localities coded as ''Ma2'' and ''Pa1''; a date interval (e.g., 28.iii/15.iv.2004) indicates Malaise (''ma'' followed by ''F'', ''M'', or ''J'' and ''1'' or ''2'') or yellow pan trapping (''moF2''). Trapped specimens were preserved in ethanol and then dried and mounted on entomological pins.
Geographical distribution data follow Speight (2010 Refinements to the key in Marcos-García et al. (2007) were made to enable the identification of species of Merodon recently recorded in the Iberian Peninsula (Ricarte and MarcosGarcía 2008) , as well as species newly described or recorded in this study.
Morphological study
A detailed description and diagnosis for M. confusus, as well as figures of various adult characters of this and other species of Merodon are provided.
Colour characteristics are described from dry-mounted specimens. To study the male genitalia, dry specimens were relaxed and genitalia were dissected with an entomological pin. Genitalia were cleared by boiling individually in tubes of water-diluted KOH pellets for 5-7 min. This was followed by brief immersion in acetic acid to neutralize the KOH, immersion in ethanol to remove the acid, and storage in microvials containing glycerine. Drawings were made with a FSA 25 PE drawing tube attached to a binocular dissecting microscope. Measurements were taken with an eyepiece graticule. The following abbreviations are used in the new species description: bc, relation between the basal line of cercus and its height; bf, relation between the distance from the basoflagellomere apex at the most prominent point of the pedicel and the basoflagellomere width at the level of the arista base; C, second costal cell; R1, cell R1; Sc, subcostal vein (for more details see figures in Marcos-García et al. 2007) . Morphological terminology broadly follows Thompson (1999) , except for male genitalia, which follows Hurkmans (1993) and Doczkal (1996) .
Molecular study
Six adult specimens from Cabañeros National Park, central Spain (39u239470N, 4u299140W), representing part of the type material for the new species, were used for molecular analysis. Additionally, DNA sequences for a specimen of the new species from Andalucía, seven specimens of M. equestris, and a specimen of an undetermined species similar to it (''M. aff. equestris'') from south and north Europe were included for comparison of levels of intra-and interspecific genetic divergences of the mitochondrial COI sequences.
DNA was extracted from two legs of each fly (sometimes also including part of the abdomen) using the Nucleospin Tissue DNA extraction kit (Machery-Nagel, Dü ren, Germany) following the manufacturer's protocols and re-suspended in 50 mL of ultrapure water. The ''small barcode fragment'' of the 59 region of COI was amplified using standard polymerase chain reaction protocols (annealing temperature 49 uC) with forward primer C1-S-1718 (59-GGAGGATT-TGGAATTGATTAGTTCC-39) (Simon et al. 
1994
) and reverse primer HCO-2198 (59-TA-AACTTCAGGGTGACCAAAAAATCA-39) (Folmer et al. 1994) . The fragments were sequenced using the same primers and the Big Dye Terminator version 1.1 cycle sequencing kit (Applied Biosystems, Foster City, California). With these primers, we obtained an almost completely overlapping sequence fragment of approximately 450 bp. All sequences were submitted to EMBL (EMBL accession Nos. FR717714-27). Alignment of COI sequences was trivial due to a lack of insertions or deletions and was determined visually. Merodon albifrons Meigen (tribe Eumerini) was used as an outgroup. The COI sequences were clustered using parsimony analysis performed with NONA (Goloboff 1999) spawned with the aid of Winclada (Nixon 2002) , using the heuristic search algorithm with 1000 random addition replicates (mult 6 1000), holding 100 trees per round (hold/100), maxtrees set to 100 000 and applying treebisection-reconnection branch swapping. Subsequently the Bremer support values (Bremer 1988 (Bremer , 1994 were calculated by successively increasing the number of trees held at each step for finding suboptimal trees to avoid an over estimation of the values. All base positions were treated as equally weighted characters (Kimura 1980) .
Results
As a result of the present study, we describe a new cryptic species, M. confusus, belonging to the M. equestris group of species. Additionally, we report the first record of Merodon rufus Meigen from the Iberian Peninsula and propose Merodon aeneus fulvus Gil Collado as a new junior synonym of Merodon pumilus Macquart. Changes derived from these new data are provided for the key in the revision of the Iberian species of Merodon in Marcos- García et al. (2007) .
Genus Merodon Meigen, 1803
Merodon confusus sp. nov. 7, (11) (12) (13) (14) (15) (23) (24) (25) (26) (27) (32) (33) (38) (39) (40) (41) (42) Cabañeros, maM1, 14.iv-8.v.2004, Leg. A. Ricarte; 1R, P.N. de Cabañeros, maM2, 14.iv-8.v.2004, Leg. A. Ricarte; 3R and 1=, P.N. de Cabañ eros, maF2, 15.iv-7.v.2004 accession no FR717714) (MZH). This specimen, morphologically fitting to M. confusus, was genetically tested. Analysis results showed a higher pairwise divergence between this specimen and the population from Cabañeros (five nucleotides difference) than among specimens from Cabañ eros ( Table 2) . We consider this divergence to be within the range of intraspecific variability in M. confusus.
Etymology
The word ''confusus'' means ''mixed'' in Latin. This term is employed to refer to the combination of characters of typical M. equestris and Merodon flavus Sack in the new species.
Diagnosis
The species belongs to the M. equestris group, comprised of large adults (8-17 mm) with hairy posterior side of mid-coxa and reduced pilosity on anterior anepisternum below postpronotum (Marcos-García et al. 2007) . Merodon confusus is a bumble bee mimic with long body hairs; male hind tibia with a conspicuous apical process (Figs. 2, 7, 11) ; male genitalia with anterior surstylar lobe curved internally (Fig. 14) ; lateral sclerite of aedeagus oval apically (Figs. 13, 15) ; cercus triangular-shaped (Figs. 12, (23) (24) (25) (26) (27) .
Merodon confusus is very similar to M. equestris and M. flavus. Adult M. confusus (10-12.5 mm) are typically smaller than adult M. equestris (13-17 mm). Males: apical process of hind tibia short and not strongly incurved in M. confusus (Fig. 11) , longer and conspicuously incurved in M. equestris (Fig. 10) tibia (Figs. 2, 7) , lacking in M. flavus (Figs. 3, 6) ; margin of the anterior surstylar lobe flat in M. confusus (Fig. 14) , convex in M. flavus (Fig. 16) ; cercus as long as high or slightly longer in M. confusus (bc 5 1-1.23) (Figs. 23-27 ), conspicuously longer (up to 1.56 longer than high) in M. flavus (bc 5 1.11-1.47) (Fig. 31) . Females: basoflagellomere in M. confusus shorter (bf 5 1.1) than that in M. equestris (bf 5 1.3); M. confusus has long hairs on ventral side of hind femur (hairs as long as femur width) (Fig. 42) and long semi-adpressed and erect hairs on tergites III and IV, M. flavus has shorter hairs on ventral side of hind femur and hairs on tergites III and IV are mostly adpressed (with a few intermixed erect hairs).
Morphological species boundaries within the M. equestris group are partially unclear. Overlapping characters for M. confusus and M. equestris are: in males, cercus shape, body size, apical process of hind tibiae, central bulge in hind tibiae, and colour morphs. Merodon flavus can be separated morphologically; molecular confirmation is needed to distinguish M. confusus from M. equestris when morphology is not definitive.
Merodon confusus and M. equestris differ by an uncorrected pairwise genetic difference of 1.96%-3.69% for the COI barcode (Table 2) ; this is a typical percentage range of species level difference for closely related species of Merodon (e.g., Mengual et al. 2006; Ståhls et al. 2009) . Table 1 shows variability ranges of body size, bc and bf for the studied taxa and populations; Table 2 shows the uncorrected pairwise percent divergences. (Figs. 2, 7, (11) (12) (13) (14) (15) (23) (24) (25) (26) (27) Head Dark antenna; basoflagellomere 1.36 longer than broad, with dorsal margin concave and apex acute; arista brown basally, dark brown towards apex, and 1.66 longer than basoflagellomere; face and frons shiny black, covered with whitish-yellow hairs and silver-grey pollinosity; oral margin bare, lustrous black; vertical triangle isosceles, 2-2.56 longer than eye contiguity, black with yellowish pollinosity, covered with long yellow hairs, and, occasionally, with a few black hairs intermixed with yellow hairs on ocellar triangle; eye contiguity long for 10-12 facets; ocellar triangle isosceles; eye hairs whitish-yellow, about as long as scape; occiput covered with dense whitish pollinosity and yellowish hairs.
Male
Thorax
Mesonotum with dark-gold metallic reflections, covered with erect yellow to reddish-yellow hairs and, in some morphs, partly covered with black hairs; two colour morphs have been identified: one completely yellow-haired, another with black hairs on posterior half of scutellum and yellow hairs on some parts of postalar callus; posterior anepisternum, anepimeron, and katepisternum dorsally with long whitish yellow hairs; pale-greyish wing, extensively microtrichose except for some areas along sides of veins in the central part of wing; wing veins dark except basally and on most of length C, Sc and R1; dorsal and ventral calypters light brown; halter brownish; legs with tarsi brown to reddish-brown except black ventrally; hind trochanter with gently produced process (Fig. 2) ; hind tibia with a conspicuous central bulge ventrally (Figs. 2, 7 ) and apical process pointing forwards (Figs. 2, 7, 11) ; legs with black and yellow hairs; short hairs on legs predominately black, long hairs on femur ranging from mostly yellow to mostly black.
Abdomen
Black with bronze reflections, as long as mesonotum; tergites II-IV shiny, without bands of white pollinosity; tergite II with yellowish anterolateral spots; hairs on terga erect and yellow to reddish-yellow; tergites III and IV sometimes with black hairs in different locations; sterna shiny, blackish-brown, with long light yellow hairs. 
Genitalia
Posterior surstylar lobe rounded (Fig. 12) ; surstylus margin convex; anterior surstylar lobe with conspicuous prominences (Fig. 12) ; cercus triangular (Figs. 12, (23) (24) (25) (26) (27) ; hypandrium with folded thecal ridge (Fig. 13) ; lateral sclerite of aedeagus rounded apically (Fig. 13) .
Female (Figs. 32, 33, (38) (39) (40) (41) (42) Similar to male except for characters associated with typical sexual dimorphism. Key characters for female M. confusus: frons black with shiny central stripe, greyish pollinosity laterally; frons from completely pale haired to bearing many black hairs on central stripe; ocellar triangle always surrounded by black hairs; colour of scutellar hairs in two morphs similar to those in males; hind legs without conspicuous tubercles and prominences (Fig. 42) ; abdomen with pale and black hairs: tergites I and II pale-haired; tergites III-V with pale and black hairs intermixed and ranging from mostly pale to mostly black; sternites IV and V sometimes with a few black hairs.
Biology
The type material was collected in the following habitats: open areas with Fraxinus angustifolia Vahl (Oleaceae) and seasonal streams; Quercus pyrenaica Willd. (Fagaceae) forests; mixed forests of Q. pyrenaica and F. angustifolia; high Mediterranean scrubs; tracks and track verges in Mediterranean forests and scrubs. Period of flight: from March to June.
Distribution
Spain (Fig. 1) . The species presumably extends to Portugal and France, where specimens with the same morphology have been found but were not molecularly analyzed.
Additional data for Iberian Merodon
Material examined belonging to M. equestris (Fig. 1, black Arán, 4.vii.1997, Leg. Verdú; 1R and 1=, Cofiñal, 3.vii.1987 (Fig. 45) Setcasas, 3= and 2R, 15.vii.1970, 1= and 1R, 18.vii.1970 (male collected at 1400-1500 m and identified by Van der Goot), 3= and 2R, 20.vii.1970 
Range
The Netherlands, south to the northern half of Spain, the Mediterranean, and North Africa and east through central and southern Europe into European parts of Russia and on to Kazakhstan.
Additions to the Iberian Merodon key
We provide refinements to couplets in the key to Iberian Merodon in Marcos-García et al. Bulge on hind tibiae small or absent (Fig. 3) ; male genitalia as in Fig. 16 Apical process of hind tibia shorter and not strongly incurved (Fig. 11) ; cercal triangle lower (bc 5 1-1.23) (Figs. 23-27 Females -change couplet 50: 50 Hind femora with long hairs ventrally (hairs as long as femur width) (Fig. 42) 
Merodon distinctus
Males -change first step of couplet 5 to lead to 5a: 5a Short body hairs; scutellar hairs 36 shorter than scutellum length; pale hairs on anterior half of scutum, on an oval to triangular area close to scutellum and on postalar callus; scutum with a band of short adpressed black hairs between wing bases; basoflagellomere short (bf 5 1.0) and yellow; tibiae and tarsi wholly pale; surstylus of male genitalia as in Fig. 43 
Merodon rufus
Males -change second step of couplet 41 to lead to 41a: 41a Surstylus of male genitalia with extensions between anterior and posterior lobes (Fig. 44) 
Errata
We provide the following corrections to Marcos-García et al. (Fig. 56) ''. In the description of the male genitalia of Merodon crypticus Marcos-García, Vujic and Mengual (p. 551) '' (Fig. 154) '' should be replaced with '' (Fig. 162) ''. In the diagnosis of Merodon legionensis Marcos-García, Vujic and Mengual (p. 559), the first and second citations of ''M. pumilus'' should each be replaced with ''M. unicolor''.
Discussion
All M. confusus type specimens were collected in the Cabañ eros National Park, central Spain. This protected area has nearly 41 000 ha of Mediterranean ecosystems with an altitudinal range from 520 to 1448 m (Jiménez 2004) . Merodon confusus is the fourth Merodon species described from Cabañ eros (MarcosGarcía et al. 2007 ) and this genus is the most species rich among the hoverflies found there . Thirteen species of Merodon occur in Cabañ eros (35% of the Iberian Merodon fauna).
Specimens of M. confusus were found in some of the primary woodlands of Cabañ eros: F. angustifolia riparian forests, Q. pyrenaica forests, and mixed forests of F. angustifolia and Q. pyrenaica (Vaquero 1997 Merodon confusus is expected to be widely distributed around the Mediterranean area of the Iberian Peninsula and southeastern France. Merodon equestris appears to be restricted to the mountainous Euro-Siberian region of the northern part of the Iberian Peninsula (Fig. 1) . There is no evidence of damage to ornamental plant bulbs in Spain and M. equestris does not appear to be abundant there (Marcos-García 1990) . This scenario could be similar across southwestern Europe, where damage produced by larvae of M. equestris to ornamental Narcissus bulbs is rare.
It will be important to discover the host plant of M. confusus in order to evaluate the economic importance of this hoverfly. Studies such as the present one ensure a precise taxonomic diagnosis of potential pest species; confident identification is of key importance for effective pest-control measures in a given study area. In addition, this study has helped Note: ''Morphological M. confusus'' refers to specimens morphologically fitting to the type material of Merodon confusus but not genetically tested. ''Intermediate M. confusus/M. equestris'' refers to specimens with morphology intermediate between M. confusus and M. equestris. bc, relation between the basal line of cercus and its height; bf, relation between the distance from the basoflagellomere apex and the most prominent point of the pedicel, and the basoflagellomere width at the level of the arista base; m, number of studied males; f, number of studied females. Uncorrected interspecific pairwise divergences for species of Merodon occurring on Lesvos Island (Greece) ranged from 1.54% between the closely related species Merodon nigritarsis Rondani and Merodon femoratoides Paramonov to 12.77% between Merodon erivanicus Paramonov and Merodon spinitarsis Paramonov that are classified in different species groups (Ståhls et al. 2009 ). The Cabañeros National Park specimens of M. confusus we sequenced showed different haplotypes, with variability at five nucleotide positions (Fig. 45) . We interpret the 5-7 nucleotide differences (1.1%-1.5% divergence) between the Cabañ eros specimens and the specimen from Sierra Pozo, Andalucía (Fig. 45, S478) , to be an intraspecific difference. Overlap of intra-and interspecific divergence in Merodon hoverflies is relatively common (Mengual et al. 2006; Milankov et al. 2008) .
